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THE SPECTRAL SENSITIVITY OF DYTISCUS
FASCIVENTRIS

By THEroDORE Louls JAHN AND VERNER JounnN WULFF

DEPARTMENTS OF ZOOLOGY AND PHYSIOLOGY, STATE UNIVERSITY OF Iowa
AND DEPARTMENT OF ZOOLOGY AND PHYSIOLOGY, UNIVERSITY OF ILLINOIS

The spectral sensitivity of various insects has been determined
by a number of methods, most of which are based on the behavior
pattern of the experimental animal (review, Weiss, 1943, 1945).
Recently, however, the electroretinogram has been used as an in-
dex of spectral sensitivity of grasshoppers and moths (Crescitelli
and Jahn, 1939 ; Jahn and Crescitelli, 1939 ; Jahn, 1946). In cer-
tain beetles (e.g., Dytiscus and Hydrous) there are diurnal
changes in several aspeets of visual funetion, and these can be
detected through changes in the electroretinogram (Jahn and
Crescitelli, 1940; Jahn and Wulff, 1941a, 1941b, 1943; Wulff and
Jahn, 1943). Therefore, it was considered worthwhile to deter-
mine by means of the electroretinogram the spectral sensitivity
of Dytiscus fasciventris during the phases of its diurnal rhythm.
The data resulting from this investigation are given in the pres-
ent paper.

METHOD

The sensitivity to various wave length bands in the visible
spectrum of the beetles was determined by measuring the elec-
trical response of the eye. The technique used for stimulating
and recording from the eye has been described previously
(Crescitelli and Jahn, 1939). The wave length of the stimu-
lating light was controlled by a series of Corning glass filters used
in appropriate combinations to yield the following wave bands:

Filter Comb. Width of Band Peak of Band

mu mu
1 680-740 790
2 640-680 645
3 600-640 620
4 560-600 575
5 530570 545
6 500-550 515
7 470-520 490
8 470-470 440
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The energy transmitted by the filter combinations was deter-
mined with a thermopile, and the stimulating intensity was varied
by use of Wratten neutral tint filters. The animals were main-
tained in a state of complete dark adaptation throughout the ex-
periments. The exposure duration was 17 milliseconds, and the
‘exposures separated by a time interval of 15 or 20 minutes, de-
pending upon the intensity.

RESULTS

Three or four responses were recorded at different intensities
with each filter combination. The magnitude of the initial spike-
like deflection of these responses in microvolts (ordinate) were
plotted against the common logarithm of the intensity (abscissa),
resulting in a curve for each filter combination (Fig. 1), which
is part of a sigmoid curve relating the response magnitude to the
logarithm of the intensity (Wulff and Jahn, 1943 ; Wulff, 1943).
The resulting family of curves was treated as follows: (1) a con-
stant response magnitude was selected which would intersect all
the curves (180 micro-volts in 8 experiments and 90 micro-volts
in 2 experiments) ; (2) a vertical line was dropped from the point
of intersection to the abscissa; (3) the logarithm of the intensity
corresponding to the points on the abscissa were tabulated op-
posite the wave length of the peak transmission of the filter com-
bination. These values for 10 experiments are plotted in Fig-
ure 2.

In order to examine the results in more compact form the data
were manipulated as follows: (1) the reciprocal of the intensities
for constant response magnitudes were calculatéd; (2) the peak
value for each curve was set at 100 per cent and the remaining
points of each curve were recalculated in terms of this maximum;
(3) the values of the reciprocal of the intensity in per cent of
maxima were then averaged and tabulated in relation to wave
length of the peak transmission by the filter combination, Table I,
and plotted in Figure 3. The two uppermost curves (numbered
10 and 3) were obtained from animals in the day phase, and all
of the others were obtained from animals in the night phase.

DISCUSSION

The speetral sensitivity curves of Figure 2 are dispersed along
the ordinate. These variations may be explained as follows: (1)
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eight curves were obtained from animals in the night phase of
their diurnal rhythm and two curves were obtained from animals
in the day phase. In view of the marked differences in sensi-
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Figure 1. Curves for each filter combination relating the magnitude, in
millivolts, of the initial spike-like deflection of the retinal electric response
to the common logarithm of the stimulus intensity. These data represent
one experiment. The points of intersection of the 180 micro-volt constant
response line give the values of Log I for constant magnitude response for
each filter combination.

tivity of the Dytiscus eye during these phases a spread is to be
expected in the above instance; (2) the experiments were of long
duration (4-6 hours) and, although the times of experimentation
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Figure 2. Continuous lines—curves relating the logarithm of the stimulat-
ing intensity required to pro@uce a constant magnitude response to the wave
length of maximum transmission of each wave length band. Each curve
represents an individual experiment and the numbers correspond with the
numbers in Table I. Curves 3 and 10 were obtained from animals in the
day phase and all others from animals in the night phase. The broken line
represents the average of the ten experimental curves.
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were chosen to correspond to the theoretical time of maximum
day and night phase, they may have not corresponded to the
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Figure 3. The average spectral semsitivity curve for Dytiscus obtained
from data presented in Figure 2.

actual time of maximum day and night phase in each particular
beetle; (3) minor variations occurred in the mounting of the
animal, placing of the animal in the licht beam and in the placing
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of the filter, and all of these factors would contribute to disper-
sion along the ordinate.

The curves of Figure 2 resulting from individual experiments
are quite uniform with maximal sensitivity in the region 520 to
575 myu and correspond generally to data from grasshoppers ob-
tained in a similar manner (Creseitelli and Jahn, 1939; Jahn,
1946). In the figcures published by Jahn (1946) the data for
500 and 530 mp were inadvertently transposed from the original
data of Crescitelli and Jahn (1939). If this transposition is cor-
recled and the maximum for the grasshopper taken as 530 my,
then the limits of the data do not permit the assumption of any
real differences between Melanoplus and Dytiscus. At present
the data on Dytiscus seem to be the most aceurate insect spectral
sensitivity data obtained by the electrical method.

The data agree well with results of Graham and Hartline (1935)
obtained from electrical studies of the Limulus photoreceptor and
with results obtained from Cecropia moth eyes (Jahn and
Crescitelli, 1939) using similar techniques. Spectral sensitivity
data obtained from behavior studies of insects placed in an en-
vironment of equal energy monochromatic wave bands yield data
which are grossly similar to that here described but differ in the
spectral location of maximal sensitivity. Bertholf (1931) pre-
sented data which indicate that for the honey bee the region of
maximal sensitivity in the visible spectrum in 553 mp and for
Drosophila (1932) the maximum lies at 487 mpu. Weiss and his
co-workers (1941, 1942, 1943a, b, and ¢, 1944a, and b) reported
data on a wide variety of insécts which indicate sensitivity
maxima at 436, 492, 515, 606 and 642 my in the visible spectrum,
with an average maximal sensitivity in the wave-length band
whose peak transmission is at 492 mu. It is not possible at pres-
ent to state whether the differences exhibited by the data obtained
from behavior and electrical studies are significant or, if so, to
what the differences may be attributed.

The data obtained from Dytiscus fasciwentris indicate that no
significant difference exists in the spectral sensitivity of the eye
in the day and night phase of its diurnal rhythm. The disper-
sion on the ordinate may be explained partly on the basis of a
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different absolute sensitivity of the photoreceptor during the day
and night phases (Jahn and Wulff, 1943).

SUMMARY

1. The spectral sensitivity of the dark adapted eye of the
beetle, Dytiscus fasciventris, was determined by using the elee-
trical response of the photoreceptor as an index of sensitivity.

2. The region of maximal sensitivity in the visible spectrum
as indicated by individual data is 520 to 575 mu. The region of

maximal sensitivity as indicated by the averaged data is 530-
540 mp.

3. No significant difference was found in the wave length sensi-
tivity of the photoreceptor during the day and night phases of
its diurnal rhythm.
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